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16. Abstract 

~'f * 

s. A representative area of Appalachia surrounding Charleston, West Virginia 1+ 

analyzed in terms of existing helicopter traffic patterns and commumicat ions 4 

facilities. Traffic patterns were established from telephone intervicws with 44 
pilots flying this area regularly. Communications coverage was established 
from computer generated coverage contours obtained from the Electromagnetic 

Compatability Analysis Center (ECAC) and verified by pilot interviews and one 


flight test (as reported by the FAA Technical Center). Techniques for improving y 
coverage are discussed. These include two new remote communication outlets located 
in the mountains west and south of Beckley, W.a., a high gain antenna at ° 


Charleston pointed in a southerly direction, the use of mobile radio tele- 
phone to permit pilots to access nearby telephone facilities when on the ground 
at a remote site, short range less than 150 m:'es, hf radio, and a discrete 
frequency for exclusive use by low-flying aircraft. 


FAA activities directed at improving communications to helicopter traffic 
flying to and from offshore oil and gas platforms in the Gulf of Mexico is 
presented in an Appendix. \ 
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PREFACE 


This report discusses the alr yround communications problems and pussible 
solutions for low flying aircraft and helicopters in Appalachia. [It 

also documents FAA activities directed at improving communications to 
heavy helicopter traffic flying to and from offshore 011 and gas 
platforms in the Gulf of Mexico. 


The major effort on this task was concentrated on Appalachia although a 
related problem exists in the Gulf of Mexico. The report describes the 
Southwest Regional plan for low altitude communications over the Gulf 

of Mexico as documented in appendix A. Implementation has already begun 
and if completed as planned will result in vastly improved communications 
to the low flying aircraft in this area. 
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1.) OVERVIEW OF PROBLEM AND CONSTRAINTS 


A significant problem confrontinys the northeastern reyion in Appalachiu: 
is providing reliable communications to the rapidly increasing helicopter 
traffic flying to and from sites engaged in coal minins operations oa the 
rugged terrain of the western slope of the Appalachian Mountains. The 
area of concern extends from Charleston, West Virginia to Bristol, 
Tennessee. The terrain is characterized by hievh steep hills surrounded 
by deep, narrow valleys into which helicopters must frequently fly. The 
helicopter thus is often located in an airspace that is cither completely 
shielded from all normal ground based FAA communications facilitics, or 
if within range of a ground facility, may find that the facility is 
occupied with traffic zenerated by one or more high altitude aircraft 
which have line-of-sight access to many ground facilities. Communicat jer 
with air traffic control, flight service stations, VOR/DME, termina] 
facilities, and towers is often marginal at best. At many unimproved 
sites where helicopters are required to land, the nearest telephone 
outlet may be located at a distance of several miles. Large gaps exist 
in low altitude communication coverage that could Jead to hazardous 
flying conditions. Low flying aircraft and helicopters share the same 
alrspace as low altitude VFR military training flights and they are often 
unaware of these flights because of thc lack of communications. 


While the problem exists throughout Appalachia, this report is restricted 
to a representative area surroundiny Charleston, West Virginia which 
includes Charleston, Beckley, Rainelle, and Henderson. This area is con- 
sidered typical of all Appalachia. Problems and solutions encountered 
therein should be directly applicable to similar problems encountered 
throughout the area of concern. 


1.2 SUMMARY AND CONCLUSIONS 


A representative area of Appalachia Surrounding Charleston, West Virvinia 
was analyzed in terms of existing helicopter traffic patterns and 
communications facilities. Traffic patterns were established trom teleproun 
interviews with pilots flying this area regularly. There did not appear 

to be a highly regulated and consistent set of flight paths due to the 
transient nature of the mining operations. Communications coverage was 
“etcrminec from computer venerated coverage contours obtained from the 
Electromagnetic Compatability Analysis Center (ECAC) through the FAA Spec- 
trum Management Branch. These data were confirmed by pilot interviews and the 
report of a single flight test previously conducted by the FAA Technical 
Center. Several possible methods for improving coverage in the area of 
Study are evaluated. The changes include: 


(a) Installation of two additional Remote Communication Outlets 
(RCO) located in the mountains approximately 10 miles west of 
Beckley, West Virginia and another 10 miles to the south at 
Flat Top Mountain. This option is considered less cost cliective 
then option (b) following. 
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(b) Installation of a high pain, southward pointing, directional 
antenna at Charleston, West Virpinia. This option is 
considered more cost effective than option (a). 


An alternative to the use of conventional vhf radio is to utilize low 
power hf communications. The U.S. Arny hus considered this option for 
use with their operational helicopter furces which are ftreqently required 
to operate in difficult terrain. Implementation of hf radio will require 
the assignment of several frequencies in the overcrowded spectrum 
between 2 to 8 MHz. A study should be made to determine the availability 
of frequency assignments in this band before implementation. 


Mobile radio telephone equipment should be installed at remote mine and 
construction sites to assist pilots in reaching nearby telephone facilities. 
This would allow filing of flight plans and checking on weather and over- 
head air traffic conditions. A discrete trequency should be assigned 

for exclusive use by low-flying aircraft und helicopters. 


The agreement among the theoretical coverage contours, the limited 
flight test data, and results of pilot interviews lends confidence to 
use of computer-generated coverage plots as a useful communication 
planning aid. 
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TRAFFIC AND COMMUNITCATTONS 


2.1 TRAFFIC AND COMMUNICATIONS COVERAGE 
This subsection provides the results of a telephone quest iuonnaire 
directed to I] pilots typical of those flving regularly in this 

drea. This number represents rouyhly one third of all helicopter 
pilots and helicopters based within the sample area as shown in table 
!, The purpose of the guestionnaire wus to establish traffic patterns, 
helicopter concentration and areas of poor communication. The major 
concentration of helicopters is in Charleston (14) and Beckley (6); 
other helicopters are scattered throughout the area as shown in 

table 2-], 


The base locations of 31 helicopters and tvpical flight paths flown by 
the eleven sampled pilots are shown in fiyure 2-1 and the data indicates 
that there are no well defined corridors that pilots consistently fly. 
Their destination can be anywhere in the area and is primarily to 
unimproved mine or construction sites as well as major population centers. 
Flight altitudes range anywhere from 500 to 6000 feet above ground. 

In general, there is no formal corporate flight dispatcher assigned. 
Flights are made, weather permitting, at the request of company execu-~ 
tives or other supervisory personne!. Each pilot interviewed maintains 
a personal log ot all flights made. Just what constitutes a flight is, 
however, not as well defined as in the case of fixed wing aircraft. 
Some pilots indicated that they consider one flight to consist of a 
complete itinerary of landings provided the enpine was not shut down 

at each en route landing. 


Only a minimum number of flishts curry cargo or spare parts. Most tlights 
are for the purpose of transportini: passengers to remote areas that are 
more easily accessed by helicopter than by road. 


2.2 PILOT REPORTED COMMUNICATIONS COVERAGE 


Most pilots interviewed recognize that communication to FAA facilities 
is poorest at the low altitudes south and southwest of Charleston, near 
Logan, and Williamson due to shielding by the terrain. It was very 
difficult, if not impossible, to obtain the exact boundaries of poor 
communications from pilet interviews, however, general Iocations were 
readily available. 


Flight test measurements made in the FAA Convair-580 (N-49) confirmed 
the reported lack of communications.! Flight measurements showed that 
communications became unusable approximately 12 miles south of the 
Charleston airport at 1000 feet above the ground. This, however, 
represented only one point on the overall coverage contour. Theoretical 
computer-generated plots defining all points on the coverage contour 
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Coyle, James, ANA~100D “Appalachian Reyion Air/Ground Communications 
Investiszation" Trip Report, May 1980. 
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HELICOPTERS BASED IN THE SAMPLE AREA 


Helicopters 


Charleston 14 
Beckley 6 
Nitro 2 


Barboursville } 


Beaver ! 
Crab Orchard ] 
Clay } 
Craivesville ] 
Lewlsberg | 
Gilbert ) 
Logan I 
Mallory A:rport 
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have been prepared utiliziny the facilities of the Electromagnetic 
Conpatability Analysis Center (ECAC), Annapolis, Maryland, and are 
presented in figures 2 through 5 of the following section. The ECAC 
data agrees almost exactly with the single flight test at i000 feet 
AGL. The ayreement between theoretical contours and measurements 
lends confidence to the theoretical techniques as a powerful tool in 
communications planning. 
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SECTION 3.0 


RADIO COVERAGE = EXISTING 


3.1 RADIO COVERAGE FORK LOW]PLYING APROEART 
This section provides the resaits «i a theoretical investipation into 


the radio coverage provided by FAA tacilitiss to low-ilyiny aireratt 

in the representative area. The radto coveraye contours produced by 
omnidirectional antennus located at Charleston, Beckley, Rainelle, and 
Henderson for aircraft at clevations of Iu, SUU0, 1000, and 1500 feet 

above ground are shown in figures 3-1] through 3-4. ‘the contours shown on 
these plots identify the approximate limits of radio coveraze provided 

by the indicated FAA facilities to low-flyiny aircraft at elevation 
increments from ground level up to 1500 fect. 

This sequence of plots identifies specific "holies" of missin;: communica- 
tions coverage to the south and southwest ot Charleston and verifies the 
flight test and pilot reports of poor, low-altitude communications 
capability in this area. Coverage yvaps diminish in extent as the aircraft 
altitude increases, but they persist in the extreme southwest region 
around Logan, Williamson, and neighboring areas of Kentucky and Virginia. 
This coverage gap is due primarily to relatively high (to 3500 feet) 
intervening mountain ridges just west of Beckley in the Kopperston, 

Bolt area. 


A mountain peak near Bolt, West Virginia is located on the coverage 
contours, where, on the ground clevation contour, figure 3-!, a small 
isolated area, on the northeasterly slope of the mountain 1s shown 
illuminated by radiowaves emanatin; trom Beckley. Even at higher ele- 
vations, however, coverage does not extend very far beyond this point. 


The computerized plots are comprehensive, covering the entire representative 


area. They were obtained trom the ECAC's terrain database and computer 
programs which they have developed. Their program computes the power 
density in dbm/m* that would be obtained for aircraft at any point in the 
entire airspace above the representative area. The computer is also pro- 
grammed to draw the contours of constant power density as has been 
illustrated in figures 3-! through 3-4. 


The power density contours take into account the terrain between the 
ground transmitter and the aircraft, the elevation above ground level 
of the aircraft, frequency, atmospheric and yvround constants, but are 
independent of aircraft antenna and radio characteristics. Coverage 
contours are thus applicable approximately to those aircraft that meet 
FAA standards.’ Aircraft that exceed standards May experience extended 
coverage, while aircraft whose receiving capability has deteriorated below 
standards may find their coverage restricted to regions smaller than 
that indicated. 
* U.S. National Aviation Standard for VHF Air-Ground Communications 
System — FAA Order 6510.6, 11/11/77 
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Computer-generated radio coverage data in significantly more detail are 
provided by the power density plots presented in appendix C for those 
who may wish to determine the power density provided at any point in the 
three-dimensional space above the sample area from ground up to an ele- 
vation of 1500 feet AGL. ‘These plots permit determination of power 
density contours other than the -90 dBm/m’ discussed in this report. 
They may be used to determine the power density profile encountered by 
aircraft flying any arbitrary flight path includiny aircraft on the 
zround. 


Coverage realized by a particular aircraft will be influenced largely 
by the VHF antenna used. In most cases the VHF antenna is mounted in 
front of the mast on top of the cabin. Other locations include the 
underside of the belly or boom. Omnidirectional patterns are desirable 
but very difficult to achieve in practice. Antenna patterns will vary 
from helicopter to helicopter. Nulls deeper than 10 db may be experi- 
enced in the horizontal pattern while 20-db variations are possible in 
zenith. 
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SECT IAIN 4 
TMPROVEMENTS - FOTURE 
4.1 COMMUNICATIONS [MPROVEMENT RFCOMMENDATIONS 


This section addresses various chanves that could be incorporated within 
the area analyzed tv impreve the capability to communicate with low- 
flying helicopters. The sugvested changes are representative of those 
which could be evolved trom a similar assessment of other areas of 

poor communication coverage !n mountainous terrain. The recommendations, 
except for those related to hf radio installations are based cn the 
premise that no large changes to the helicopter structure or antenna 
system would be acceptable to the many small operators involved. 


4.2 IMPROVED RADIO COVERAGE 


Computer-generated radio coverage plots oi the previous section were 
used to reliably identify the coverage provided by existing facilities. 
Reliability of the theoretical technique was substantiated by 

comparing its predictions with results of a pilot's questionnaire and 
comparison with data gathered in an FAA Tecnnical Center flight test. 
In this section we use the same techniques to predict the coverage that 
can be obtained from planned, hypothetical antenna facilities located 
at Charleston, Bolt Mountain, and Flat Top Mountain. Theoretical 
coverage contours resulting from the addition of radio facilities at 
these locations are illustrated in figures 4-1 through 4-12. Power 
density plots for each location are presented in appendix C. 


The hypothetical improvement incorporated at Charleston consisted of 
installing a high-gain antenna pcinting in a southerly direction. Results 
are shown in figures 4-1 through 4-4. The plots predict that, at 500 

feet AGL and above, virtually all coverage gaps with the exception of 
those in the extreme west and in the area surrounding Williamson are 
filled. Additionally, at ground elevations, there are a number of high 
terrain areas that will permit direct communications to Charleston. 


4.3 COMMUNICATIONS TO AIRCRAFT BELOW 500 FEET AGL 


In spite of potential improvements in coverage for aircraft flying at 500 
feet or above, the problem remains of providing communications to air- 
craft that are flying below 500 feet or that have landed ina valley. Tucce 
aircraft are effectively shielded at vhf frequencies from all communi- 
cations facilities. Fstablishing an RCO tn each valley is not practical; 
however, several viable technical approaches appear to offer a teasible 
solution, 


4.4 ADDITIONAL RCO'S 


At Least two areas have been identified where an additional RCO might 
prove of some benefit in improving communications to low-flying aircraft. 
These are Bolt Mountain about 10 miles west ot Beckley (discussed pre- 
viously) and Flat Top mountain, approximately the same distance to the 
south of Beckley near the West Virginia turnpike. Computerized radio 
coverage plots from omnidirectional antennas placed at both of these 
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locations have been prepared to assist in makiov viv site deeistens aue 
appear in figures 46-5 throurh 4-12. [t appears fron tigures 3-1] throug 
3-4 that beth these mountain ridges tend to limit coverage bevond them 
from FAA facilities at Beckley, Rainelle, and Charleston. 


Coveraze contours for Flat Top (figures 4-9 throush 4-12) failed tuo show 
any Slenifleant improvement in radio coveraye to the area southwest of 
Charleston, whereas, with the exceptionof the grea surroundiny 
Williamson, and RCO located at Bolt Mountain (figvures 4-5 throuyt 4-8) 
will provide Significantly improved radio coverage to alreratt southwest 
of Charleston. These improvements, however, are not sipniticantly better 
than those achieved by simply installiny a high-gain antenna at 
Charleston (figures 4-1 through 4-4). The cost of installiny, a new RCO 
at Bolt as opposed to merely installing a hiph-pain antenna at Chardeston 
appears to make this option not cost effective. 


4.4.1] A DISCKETE FREQUENCY POR LOW-FLYING HELICOPTERS | 

Tne difticulty experienced by low-altitude aireratt and helicopters 
1 accessing the common receive-only facilities at the Flipht 
Service Station outlets at Rainelle and Beckley may be considerably 
alleviated by the assignment of a discrete low-altttude frequency 
for their uSe. 


4.4.2 VERTICAL POWER DENSITY FLIGHT PROFILES - CHAKLESTON & BOLI 


To further assess the radio coverage improvements provided by the hivh-sain 
antenna at Charleston and the installation of a new RCO at Bolt mountain, 
vertical power density flight profiles of a typical tlight between Charleston 
and Lovan at en route elevations of 1000 feet AGL and 3000 feet AGL are 
presented im fipvure 4-13 for conditions before improvements and after 
improvements. (Vertical power density profiles are obtained from the 

power density plots of appendix C3; any arbitrary fliyht profile may be 
obtained in a similar manner). 


The shaded areas of fiyure 4-13 represent flight altitudes at whict the 
Signal at the aircraft is too weak to be usable by a standard radio 
recelver meeting FAA standards.¢ 


The improvement in signal strength provided merely by the installation 
of a high-yailn antenna at Charleston is apparent by the reduction of 
shadow area. For this particular flight, improvements provided by the 
Charleston high-gain antenna are greater than those provided by an RCO 
at Bolt Mountain. (Note that the vertical contours of fipyure 4-13 are 
for altitudes above yround level but do not indicate the actual protile 
of the ground between Charleston and Logan. 


4.5 MOBILE RADIO TELEPHONE 


‘ine sites at which helicopters land may extend over a wide are, so that 
when a helicopter lands at an unimproved site, it may be at a distance 
of several miles from the location of the mine telephone installation. 
At minimal expense to the mine operators, a mobile radiotelephone svstem 
can be installed with a base station located where tthe telephone cable 
terminates. This would permit access to the telephone system bv any 
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4 


An alternative might be to clearly mark the telephon ‘tocation so that 

it is visible rrom the air and ensure a clear area eljacent to the ; 
telephone tacitlity fer helicopters ts land. [n this way, pilots can 
make an intermediate short flivht te the telephone prior to leaving 
the site. 


4.6 HF COMMUNICATIONS - NEARLY VERTICAL INCIDENT SKY WAVE (NVIS) . 


Because of the near Line-of-site limitations in the use of vhf communi- f 
cations, Other users, includiny the U.S, Army, are looking into the * 
use of the ht band for communications to aircraft on the sround or ° 
flying below 500 feet AGL. 


The Army has investigated the use ot short range ht using single hop 
skywave propagation also known as Nearly Vertical Incident Skywave 

Propagation (NVIS). It was found that a small segment of frequencies 
between 2 and 10 MHz will support reliable communications, reprardless 
of the terrain or time of day. 4 


=> 


The study addressed the band of frequencies which, when sent into the 
ionosphere at a nearly vertical angle, will be returned to the earth 

at a near point not to exceed about 150 miles in distance and with no 
skip zone characteristics. Because propagation is hy skywave mode, the 
path loss tor all cases is 120 db +10 dB. Therefore, neither high- 
power nor highly efficient airborne ht antennas are required. in the 
absence of high ambient noise from electrical storms or traffic on 

the vand, low-etfictency antennas such as 2 to 10 percent and an average 
power of 50 to 100 watts peak SSB is sufficient when operating over a 
trequercy ranze of 2 to 10 MHz. 


| 
t 
Effertive radiation for short-range skywave proparation can be achieved 
by causing the excitation of the entire airframe. Tail whip, open and 

shorted transmission line antennas were evaluated. The shorted trans- 
mission line had superior vain characteristics in an azimuthal or 
horizontal aspect. The open transmission Line was considered as the 
second best choice. The shorted transmission ]ine had a sain of -18.6 did 
at 2 MHz to -5.2 dRd at 8.8 MHz for an averape pain of =-13 dBd. ; 


Details of the hi tests are documented in report ECOM=4366.° 


SCompact UP Antenna - New, 99/73, Arave Electrenies Command, Port “Mavrinth, 


NeW Perse. 


4.6.1 


a. 


SUMMARY OF SIGNIFICANT ADVANTAGES OF NVIS 


Path loss does not increase wit vround range but 18 essentially 


constant at approximately 120 +10 db. 


Because propagation is nearly vertical at all times, there is 
no terrain shadowing that is characteristic of satellite 
systems which require a low angle of incidence depending 

upon the position of the satellite in geostationary orbit. 

As an example, strong NVIS signals. may be received in 


narrow valleys where satellite signals would not be 
available. 


The coverage contour is terrain independent and will appear 
circular whether over the ocean or in rugged terrain such as 
West Virginia. 


Signal-to-noise computations show that transmitter power 
requirements are modest, perhaps 50 to 100 watts. 


Low-efficitency antennas in which the airframe becomes part 
of the antenna can be used. 


4.6.2 SUMMARY OF DISADVANTAGES OF NVIS 


Several frequency assignments in the band from 2 to 10 MHz 
must be available. 


Optimum transmission frequencies must be continuously 
predicted or established via test circuits. 


At present, radio equipment iS very expensive -- on.the 
order of $30,000 per aircraft. 


Antenna exciters approximately 10 feet long must be installed 
along the side of the aircraft. 


4.6.3 THEORY OF NEARLY VERTICAL SKYWAVE PROPAGATION 


It has been known since the days of Marconi that radio signals in the 
2 to 10 MHz band, when Launched vertically, are returned to earth via 
reflection from the ionosphere. The big economic payoff in the early 


days was 


use of hf radio for short-range communication via nearly vertical skywave 


long distance communications via lonospheric refraction. The 


was largely neglected. The physics of skywaves that are vertically 


incident on the ionosphere is well understood. 


presented in the following paragraphs places emphasis on the physics of 


short range, nearly vertical incident skywave, as 


treatment which places the emphasis on extremely long range propagation. 


The hf propagation theory 


»pposed to traditional 
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3.0.4 THE LONOSPHERL” 

Ultravielet Lisht and a courpuseular torm ef ionizine radiation orieinat ine 

in the sun ionize the outer portions of the earth's atmosphere. This 

lonized region, or ionosphere, consists ol tree electrons, positive 

LOnS, and negative ions in a raretied vas. The bonosphere will bend 
(refract) radio waves enterins it as thouvh :t had a lower refractive 

index than air, or a retractive index between zero and one, 


The amount of bending experienced bv a wave Incident upon the iono-:- 
at a viven angle depends upon the elivective refractive index of the 
1onized medium, The refractive index depends primarily on the eleetre 
density and frequency of the incident wave. 


It we assume that there is very Little change of electron density 
in the space of one wavelength, the refractive index may be written 


as: 
/ BIN | (1) 
i = ; | —_ ma 
y “a 
where: 
\ ars Baie ig Pa, Peed wan 
= retractive index = Vdielectric constant - |] 


N = electron density in electrons per cubic centimeter 
f = rrequency in kHz 


Equation } shows that the refractive index 1s lower, the hipher the 
electron density and the lower the frequency. 


According to Snells law, the angle of retraction is piven by: 


sin 
. Bo 02) 
sin 
where: 
®@> = angle of incidence of wave entering lonosphere 
@ = angle of retraction 


— = refractive index 
4.6.5 VERTICAL INCIDENCE REFRACTION - CRITICAL FREQUENCY 


It tollows from equation 2 that a wave striking the ionosphere with 
vertical incidence (@o = 0°) will be returned to earth when the retrac- 
tive index is reduced to zero because @ = 90° (the condition for total 
retlection). Under this condition, the relation between electron 
density N and frequeneyv ft corresponding to }: = 0 is from equation | 


ut 


f= y8iNn (3) 


%Radio Engineering - Frederie Emmons Terman = MeGraw ttill Beok Company, 1950 
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a Poa (4) 


As ne :requency of a wave returned by the lonosphere at vertical 
incidence 1s increased, the required cleectron density increases as 
shown by equation 4, and the wave penetrates farther into the ionu- 


Sphere until the maximum electron density o1 the layer is reached. If 


the frequency is increased still turther, the wave passes through the 
layer because the electron density is nut sufficient to return the 
wave. The frequency at which the wave just barely penetrates the 
laver at vertical incidence 1s called the critical trequenc 

and, in this case, is commonly use! as a measure of the maximum 
electron density in the laver. 


a = {max = /81N max = critical trequency (5) 


Equations |} and 2 mav be rewritten: 


pone 
ss ‘ BIN — sin Qo 
” fs sin @ (6) 
when there is total reflection trom the ionosphere at any angle of 
incidence @ = 90° and 


a 


} 1 
Vis — = sin @, (7) 


solving for f 


ft = eee a eee = / BIN sec Q, (8) 


Equation 8 shows that, at vertical incidence when @, = O and sec % = 1, 


the maximum frequency returned to earth is the critical frequency 


Fe. = V¥8IN, but as the angle of incidence deviates slightly from vertical, 


avT? 


required by NVIS, @, begins to increase siightly above zero and sec @) 


increases slightly above unity so that trequencies greater than the 
critical frequency will be returned to earth, 


4.6.6 VIRTUAL HETOHT 


One of the most impertant quantities in skvwave transmission 1s the 
effective or virtual height. Referring to figure 4-14, this is the 
height of a hypothetical reflecting surface in free space for 

which the travel time of the wave is equal to the travel time of 

the wave in the actual ionized medium. In the case of vertical inci- 
dence transmission, the virtual height is the distance obtained by 
multiplying the velocity of light by one-half the time required for 

a pulse of radio enersy to travel up to the ionosphere and back. 
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FIGURE 4-14. GEOMETRY FOR VERTICAL AND NEARLY VERTICAL 


INCIDENCE [LLUSTRATING VIRTUAL HEIGHT - 


(PLANE IONOSPHERE, CURVATURE OF EARTH 
NEGLECTED ) 


It may be shown, in the case of & plane ionosphere, that the virtua! 
height as defined above is the same us the height of the triangle 
formed by extending the straight line portions of the NVIS wave path. 
Referring to figure 4-14, this means that the Cime required for the 
wave to travel over the actual path TBR is the same as the time 
required for the wave to travel over the path TAR with the velocity 
of light. This relationship may be used to calculate the time required 
for a wave to travel from the transmitter to receiver. 


For short ranges such that the curvature of the earth may be neglected, 
the geometry of figure 4-14 shows that 


2 
tan*$o = ole (9) 


by triginometric identity 


A 


/ ; 
sec Jo = V1 + tan*Qo = V1 + ( (10) 


therefore from equation 8 


ie yi+ (a/2y' (11) 


where 
h' is the virtual height 


d is the range between receiver and transmitter 


: 
i 
3 
t 


Fn 
u 


the frequency 


N 


electron density 
In the case of a plane ionosphere (e.g., range is short enough so 
that the earth curvature may be neglected) the distance traveled 


by the NVIS as a function of ground range and can be computed 
from figure 4-14 to be 


2 h' 
° ( a) (12) 


cos tan a 


DD = distance traveled by NVIS 


h' = virtual height 


d = ground distance between transmitter and receiver 
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Thus ter short ranpes, sav when 


~ 


O« ds ht, h' = 300km = 18h mi 
then from equation (12) 
2h ie Mea) 


Indicating that there is only a 12 percent chanve tn the distance 
traveled by the NVIS wave when the vround path is increased from 

0 to about 186 miles. This correspends to approximately | db chanye 
in path loss. Theretore, tor all practical purposes, the path loss 
via NVIS may be considered constant tor short sreand ranges up te 
about 186 miles. 


4.6.7 THE FREQUENCY OF OPTIMUM TRANSMISSION CFOD) 


As described earlier for vertically ineident waves, a vritical 
frequency exists above which all radiation penetrates the lonosphere 
and is lost in space. As the incident ray is lowered trom vertical, 
less bending iS required to return the wave to earth; thus, trequencics 
higher than the critical trequency can be used (demenst rated by 
equation 8). For long distance propavatien, a term cailed the MF 
(maximum uSable frequency) is used to identity the hivhest trequency 
that will be returned to earth at very long ranges. The MUF is 
generally several times wreater than the critical trequency (Go 
approaches 90° and sec @o gets large in equation 8). In the case o! 
NVIS, however, because propagation is always nearly vertical, the MUF 
approaches the critical trequency and ts only slivhtly larver than it. 


Loss ot energy trom the wave as il enters the tonesphere can be 
attributed to two phenomena; absorption, due t. scitiney rens tn motier, 
which is preater at lower frequencies, and loss duc te enerpy passing 
through the ionosphere as the frequency increases and appreaches the 
MUF (a little greater than the critical frequency). 


Thus, in vertical skvyvwave propapation there exists a compromise; the 
frequency used for transmission must always be lower than the MUF yet 

not be so Low as to be absorbed by the tonosphere. A trequenev window may 
be thought to exist which contains a frequency of maximum rellab: lity. 
This frequency is called the FOT (Frequenev of Optimum Transmission). 


As described earlier, the electron density ot the ionosphere 1s caused 
by radiation from the sun, and therefore, there will be a diurnal varia- 
tion of the FOT. A typical plot showing the daily vuriation in the FOT 
ig illustrated in figure 4-15. 


Computerized techniques exist for predictiny the FO) and MUP. Printouts, 
a sample of which is shown in table 4-1, were obtained by users trom 

the Propagation Agency, U.S. Army, Fort Huachuca, Arizona, for 

particular NVIS propagation paths. The propayation window can thus 

be predicted ahead as much as 6 months with reasonable accuracy. 
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A practical scheme for determininy the best frequency to use for a 
particular communication system that has access only to a limited 
number of frequencies is to scan all available frequencies periodically 
and choose that frequency disnlaying the best signai-to-noise ratio, 
This scheme can be implemented practically between two fixed stations 
of the system that are less than about [50 miles apart. 


4.6.8 NVIS PATH LOSS CALCULATIONS 


| Steere 


For practical purposes, the NVIS path loss may be thought f0 Le compose? 


of three component losses: 


Li = Lg + Lia + Le 


where 
Lg = Spreading loss due to up and down path distance 
La Ionospheric absorbtion loss (turnaround loss) 
Ly =z Loss incurred by not operating at the FOT 
(L, = 0 db at the FOT) 
4.6.9 SPREADING LOSS AND TURNAROUND LOSS, Ld & Lta 
With the assumption of a 300km-high ionosphere (e.g., h’' = 300 Km), 


the spreading loss Lg is calculated o vary between 108.41 db for 
a perfectly vertical path (ground rénge d = 0) and 109.4 db when 
the ground range is 186 miles, a change of only 0.99 db. Results 
taken from numerous soundings reported in reference 3 indicate a 
total loss including the turnaround loss Lia of 


10 db < L < 130 db 
indicating a variation in turnaround loss of 
I db < L < 21 db 
ta 
4.6.10 NON-OPTIMUM FREQUENCY LOSS, LF 


This loss in indicative of the penalty that must be paid for not having 
an assigned frequency corresponding exactly to the FOT. This penalty 
will vary with the time of day and the number of MHz removed from 

the FOT as indicated in figure 4-16. 


Figure 4-16 indicates the penalty is most severe in the early mornin, 
(0600 to 0800) and late afternoon (J600 to 1900) an?’ less severe 

at midday (1000 to 1400). When removed approximately +2 MHz from 

the FOT, the penaity may be as high as 25 db. Aji +] Miz removed, the 
penalty may only be as high as 10 db in the morning and afternoon and 
less than 4 db at midday. In order to limit Ly to no more than abcut 
10 db, a sufficient number of assigned frequencies should be available 
to permit operation always within about +! MHz of the FOT. [If a 25 db 
penalty can be tolerated, frequencies available should fall within 

+2 MHz of the FOT. 
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4.6.1) TRANSMITTER POWER REQUIRED TO ACHIEVE 


RATIO AT THE RECEIVER 
ee rc Te 


A GIVEN SI‘-!AU TO NOISE 


The transmitter power required as a function of recelver signal-to-noise 


ratio is given by the following equation 


7 i362. 256 
Pp al; + S/N +N, 3 


= Transmitter power in db/jiv 


= NVIS loss db 


= Atmospheric noise db/yv 


a 

1 . » * 
S/N = Signal to noise ration in db 
Na 


Gr = Gain of Transmitting antenna dbi 


Gp = Gain of receiving antenna dbi 


(14 


) 


TABLE 4-2. REQUIRED TRANSMITTER POWER AS A FUNCTION OF SIGNAL 
RATIO ATMOSPHERIC NOISE AND ANTENNA GAINS 


110 db < L. 
1 


< 130 db 


Transmitter Power | 
kequLred 


2 watt 


200 wa 


200 MW 


ene 


S 


tts 
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The power required to achieve a useful signal-to-noise ratio tor three 


cases was computed using equation 


14 and 


is summarized 


11 table 


a-2, 


Table 4-2 illustrates that the transmitter power requirements are medest 
and not at all analogous to what is required in lony distance h: 
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FIGURE 4-17. TRANLINE INSTALLED ON TATE BOOM OF HELE COPTE E 
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4.6.12 AIRCRAFT ANTENNAS FOR NVIS 


One of the primary problems of providins hi communications to small 
alreratt and helicopters is the lack of physical space tor conventional 
hf antennas. The approach used by the Army (reterence 3) to solve 

this problem 1s to make the entire airframe the antenna by means of 
suitable excitation techniques. [t was round that the best excitation 
was produced by antenna concepts based upon the unbalanced shorted 
transmission line principle. 


A sketch of a shorted transmission line coupler (called a Tranline) 
attached to a helicopter tail boom 1s shown in Tisrure 4-17. Test results 
for this antenna measured at ECOM (reterence 3) are summarized in 

Table 4-3. The patterns appear close to omnidirectional except for 

the higher frequencies where the alrtrame appro:ches a quarter wavelength 
and the patterns take on a figure eivht shape typi.al of a dipole. The 
values ot gains presented in table 4-3 show that antennas need not be 
highly efficient to provide reliable NVIS propagation. 


4.6.)3 IMPEDANCE OF THE TRANLINE 


The impedance of the Tranline at low frequencies 1s highly ‘iductive 
with a very small value of resistance, and a suitable coupler must be 
provided to match it to the transmitter vr receiver. Jt can be 
compared to an air-cored coil, and the most ctficient method of 
obtaining impedance matching is to simply bridge the antenna clement 
with a variable capacitor as though it were a coil and then adjust 

the shunt capacitance to resonance. This method is suitable up te the 
highest NVIS frequency. 


4.6.14 EQUIPMENT FOR NVIS COMMUN] CATION 


Several hf airborne transceivers are available today that can be adapted 
to NVIS communications. Some ot these are listed in table 4-4. 

It should be noted that equipment listed in table 4-4 is tor military 
service and may perhaps be modified for commercial service at costs 
considerably less than indicated tn table 4-4. 


TABLE 4-4. SOME TYPICAL HF RADTO EOQUTPMENT THAT CAN BE ADAPTED 
FOR NVLS COMMUNICATION (NOT COMPREHENS TVE ) 


rm i ie i ee ee ee 0 8 ee eee ce tte aos nt + 


Approx. 1981. 


= ee es * -_ - ee ee re 


Price Tratse Sener hei ee 
intended bred. Power re ees 
Antenna Use Hig. Watts JU db S/o 
718V-5 32k Airborne f= 3u mare 
TRA6900 1Ck Manpack e~Ih {ui 
AN/PRC-1L04 - Manpack P- 30) ot: 
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4.6.19 HF SPECTRUM AVAILABILITY FOR NVIS 


NVIS will require several trequency assiyvnments in the traditionally 
overcrowded 2- t« 8-MHz band. Frequency assiyznments may not be readily 
available to implement NVIS unless a sufticiently strony argument 

for its use can be mounted based on low-tlying aircraft densities, 
public service, and interference potential to other services present iv 
using hf radio in conventional ways. 


Before adopting NVIS for FAA use, it 1S recommended that a study be 
made into the hf frequency availability based upon: 


1. Low-flying aircraft traffic densities, 


2. Interference potential with other services usiny hf radio, and 


3. Frequency reuse. 
The following questions must be answered. 


How much do they interfere with normal long-range ht services where 


Signals are launched horizontally and receivers are thousands of miles 
from the transmitter? 


NVIS Launches waves vertically, and the service area is confined to 
within about 150 miles of the base station. There is a large skip zone 
surrounding the service area, and signals propagated beyond the skip 
zone are severely attenuated. Is it possible, therefore, to reuse NVIS 
frequency assignments in adjacent service areas without serious 
interference between neighboring NVIS systems or remote service areas 
beyond the skip zone? Just what are the separation criteria? 
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APP EAT 


FAA ACTIVITIES DIRECTED AT IMPROVING COMMUNICATIONS TO 
HELICOPTERS IN THE GULF OF MEXICO’ 


1.0 GULF OF MEXICO OFFSHORE OPERATIONS 7 4ir/ground communications 


Concentrated planning efforts have been underway in the Southwest Rey ion 
Since early 1979 on expanding helicopter IFR/VFR operations in the Gult 
of Mexico. Various Washington offices, 011 and helicopter industries, 
and all organizational levels of the rezion were involved. 


2.0 REQUIREMENTS 


a. Today, a large force ot helicopters operated by the oil companies 
and by transportation service companies provides air transportation tor 
the more than 2,000 011 and gas platforms located in the Gulf. The 
helicopters are used to transport personnel, crew support supplies, well 
drilling and service equipment, etc., in support of every facet of oil 
and gas exploration, development, and production. This presently entails 
about 580,000 aircraft movements and 3,400,000 passengers carried annually. 
Nearly all the operations are presently conducted VFR. 


b. One of the transportation service companies, Petroleum Helicopters, 
Inc. is flying IFR offshore on a very limited basis using VLF Omega for 
Mavigation and company operated communications and weather observation 
stations. Fourteen IFR routes have been established in the Gulf predicated 
on, but not actually depending on, the radials of VOK‘s located along the 
Gulf shore. These routes are not in the common public use alrway system 
but are available to all users by application under FAR's. 


c. With the increased costs of oil exploration/production, the emphasis 
on increasing domestic oil production brought on by energy shortages, and 
advancement in helicopter capability in recent years, there is now a definite 
and immediate need for expanding the operation, especially IFR capability. 


d. As a result of a November 9, 1978 letter from the Helicopter Safety 
Advisory Committee and coordination at the FAA regional director level, 
planning efforts to expand the Gulf helicopter operations, which were started 
in 1974 but later dropped, were renewed. A special task force made up of 
O1l and helicopter, FAA and National Weather Service (NWS) representatives 
was established to explore problem areas, exchange ideas and identity needs 
for offshore helicopter activity. A series of working meetings have since 
been held, and it has been determined that the most critical need for 
expanding IFR/VFR operations is direct pilot to FAA facility communications. 


3-0 COMMUNICATIONS PLANNING 


a. A/G communications are to be provided in the Gulf area from about 
180 miles east of New Orleans, Louisiana, west to Galveston, Texas, and out 
to about 150 miles offshore. 


The primary source of this information was Federal Aviation Administi iti 
FY 1980 Cost Estimates, RIS BU2500-5, Federal Aviation Administration, 
Washington, D.C. 20591, undated internal document. 


‘4 


‘A= | 


ue WP ecleanthadaatiel Z . * 


i ee ae Le ae 


on pe, See ee OE we gs See ee EWE EE Shs ; 


a EG: a8 her Set. eek, Sigh ae Ser? ase Ez 2 Dr, « Sel a Boxe se 
BeOS ee ot era ee A ea Ge Ee She ae. ug OE hg OR tiny 


. . F a ok. of 


PACTELUC 2 OSes Shek Che ee Ue Seg 


ie h, ' ! - ee - 7. od ’ oe : " , 4 : at 
ou Ph Suerte: Geo a seat fe ez ae cS ke. , : ae a a 


a 
$$ 


Orel Ge PO Pew ale ee aye de le ea. ak ee aie ey oe aie ae a 
Plaerorss:. 


| « 
ie. Sat ee et we wee a a ON | 4 
Cured tae wr a combat ian: > a) 2. me Pee ee ee pM AS ae oe | 
Microwave syStems. ; 
eos VAY Vist tit baron a Be Mii eerie ee ee ae be PSO e on ce eee . 
De San tes Seer Sas TE AP Sea eM et aig. Soe Bek eke es ee ee 
for the «ai fshore dae sities Pa Beta ey eRe 
f 


Sul FACILITIES PIA 


nt 


te He es ae Drepec Clits ey, Chere te ae’ geteh, “PRE. ae Se, Bie Se EE ne RO f 


A/G communicatlons nNevds were defiaed Co power ae ie ae ea 
COMO LOACT ONS he Ee Sure Ae, oar ye ek a. Be wey a ee 
Permital Pact lity wand ARIC ew wirel [es ee ae) Ge ae SOG aE : 
Selected OtrSnore platicrar lars pee kee a ae oN a Babee Be oh : 
re a Oe 

Sa, VEE hn Te gr ee SORT tee se aie | Fon oe tee aK 
ASE Cg ANG: A: SOG Se ey es AC ae Oo eet Ae ea 
File 2a sae: OR eG ae re er Te i meee PSE phe ae Fe Ce kes \ 
OU Paliecrae Tyee Pe ee att Se tee ee Poe AT ey ee AD. 1p: 8 
btisetiee ae Peed | Boe. ee SS ae 1 


Cet Ta Ele Pe ie, er a Wh tenses > er ee 

ARTCC. SOR OMe See Cer Poise tai. fh. ~~ aR ada ic oe Wg ae 7 

Harvey. Sverors «sew Or rans. bSAy p 
coe ye Tae oul Bika 2 ae ea Sa. Ra A Sole hate 2 Oe og 2 4 

Lede: Peres: Sal, Spee ine y Seay See tie TN hte See” Sh, 


if oak r! ' 1 , ! : \ 4 
1 f4 ‘ 1 ‘4 ’ iy t : : 1 
«4 
ace oe | 
{ 
; 
SOL “Puss: Meee Taber pe 200 Oe Ta UI eo ly eee, U1 
i bd 
7 , ' ” ‘ s ae th ee : : are ‘ 
Cameron Helipert ¢lLawe Charles) Sea CSS ae eh PA? Eg 
Atraceds italy. Creve weds pwr Ola ae tas) Se ee eee cea AES eas ; 


* 


ac “Gori Cite Py Paar sage A ei Pate te IS: MA. i aA A, Sede Se 2 


omy 


Location Coverage 
Houma Airport (New Orleans) 50G tu 7,000 teet MSL within a 30 
nautical mile radius o1 the alrpert. 
Only VHF communications are required tor all ef tne above for use with 
civil aircraft in the area. There 1s ne recuirement ror UHF communicut ions 
for use with military aircraft. 
b. Engineering studies conducted by Aeronautical Radio, Ine., under u 
contract with the FAA Southwest Region engineers resulted in recommendations 
for the following 18 A/G outlets to satisfy the coveraye requirements: 
Houston ARTCC Terminals KSS's 
(1) Sabine Pass (1) Sabine Pass (Beaumont ) (1°. Morgad -Ciry 
(2) Intracoastal City (2) Cameron (Lake Charles) (New Orleans) 
(3) Venice (3) mitracvastel Gaity “CLavayeb te) (2) Venice (New 
(4) High Island 582 (4) Morgan City (New Orleans) Orleans) 
(5) West Cameron 587 (5) Houma (New Orleans) (3) Vermillion 2454 
(6) Vermillion 245A (New Orleans) 
(7) Eugene Island 330 (4) South Timbalier * 
(8) South Timbalier 190 (New Jrleans) . 
Sh) “aieh: tsiand S82 , 
(Houston: ‘ 
c. Plans are to establish conventional facilities onshore in cxistin-e 
leased space on the airports except that battery standby power 1s proposed 
in lieu of engine generators. The offshore facilities are to of located on 
Ooil company platforms with plants items, including shelter and antenna support, 
to be provided by the owner to meet FAA requirements. Primary power would 
be provided from the platform engine/zenerator supplied svstem with FAA 
batter1les for standby. 
The existing RTR facility at Houma Airport is to de used and colltoaca- ° 
tion of outlets is planned at the following locations to reduce the number of 
new sites that will have to be established: Onshore at Sabine Pass, Intra- 
coastal City, Morgan City, and Venice and offshore for High Tsland 582, 
Vermillion 245A, and South Timbalier 190. [In addition to these 7 new 
collocated sites, 3 others are planned at Cameron onshore and west Cameron 
587 and Eugene Island 330 offshore for a tetal of 10 new sites, 5 onshore 
and 5 offshore. 
d. Remoting of the onshore outiets is planned via leased commercial 
telephone circuits. Remoting of the offshore outlets is planned via leased 
circuits on existing oii company microwave svstems between the of tshere , 
platforms and the onshore terminatin: points of the microwave systems, and i 
then leased commercial telephone circuits between those points and th: 
: FAA controlling facilities. 
| | 
: 


om | 


woe 


Se. (Current planus aie to. ooth Insta bh aid wait ole 2 eet ronses 
equipment utilizing FAA personne! io the sual manaer bat recopniaztne: that 
the offshore facilities will present some uew and dittercnt problems. 4 
reyional contract for helicopter transportation of personnel oo as as- 
required basis is planned. Vo proposed speciai maretetnince concept por thy 
offshore facilities will be develomed ami submitted iw separate corre- 
spondence to the Atrwav Facilities Service. Concentrated eftorts wil 
also be made to expedite Remote Marnte)e dance Monitor. tor the of store 
sites from the ongoing proyram tor RCAG's. 


4.Q IMPLEMENTATION 


a. The tollowinpy priority order ter implementins the planaed A/G out tets 
was developed jointly by the FAA and oll/helicopter industry representatives 


at the October I1, 1979 task force meeting: 


(C$) Intracoastal Citv - ARTCC aad Termin] 
Vermi Llion 245A4-=.NRTCO and SS. 


(2) Eugene Island 330 = ARTCC. 


(3) Sabine Pass - ARTCCE and Termina! 
West Cameron 587 ~- ARTCC. 


(4) High [sland 582 -— ARTCC and FSS 
Morgan City - Terminal and FSS 
Cameron - Terminal 

(5) South Timbalier 190 - ARTCC and FSS. 


(6) Venice - ARTCC and FSS. 


be. -Pisins are €o6- implement. the et lets<ia the, swe order as Vapi 
possible after funds and equipment are made available. 


5.0 Status 


Phase 1, Intracoastal City and Vermillion 245¢ 


Si 


ay Two Tntracvastal City outlers, 120.35: MHe for ARTCC and Je). %% “He 


fer the Lafayette TRACON were commissioned on August $5, [980.0 Reperten 
coveraye of this facility ts seed and somewhat more than prediete dd, 


b. Following some delays in vettin. antennas iastabbed «ok sriitues 
245C and microwave Links trom the plattorm to Latavett« two outlets b2é.u 
MHz for the New Orleans FSS and 120.35 Mie fer the ARTCC were put ait 
Operational test on September 9, 1980 and commissioned of September ta, 
1980. 
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APPENDIX 1 


DEFINITION OF A STANDAKD AT RCORART RECEIVING SYNPRY 
POR USE OWDTHE ECAC PVOUS 


The power density at the aireratt as derived from tin FCC plots 


WW 
Pd = 10 lor | —, ber /ny 
= 
lo ~/ 
where 
Pd = Power density in dba/ir 
if 


W = Power density in watts/i' 


The power delivered by the antenna to a matched cable at the termin 


the antenna is 


Wt = Power delivered to matehed cable -watts 
W = Power density into antenna in Watts/w 
Ae = Effective antenna aperature m 


from Kraus,* page 50, eq. 3-35 tor a short dipole 


“y 


Ac = ~119 4° 


at 120 MHz ee es 


» » Ae 2s .743 m at 120 tHz 
~ We = 107! {toe “ raed) watts 


*Kraus "Antennas", McGraw Hill Book Co., Ine. 1950 


— | 


ees dbm 


iL 
ag 1U 449 Gaea 
col 
' pit \ 
; oad - 2. 4 
Nae = 10 Lange | } Fangs To | alee) 
= | 
Pe = Pd + IW Loy .743 


The power into the receiver at the nd oF) 2: Gaudi: sit 120 MY 


Pr = Pe =<-Le = Pd = 1429 = Le -dbmn 

Pr = Power nto receiver in dbin pe ais 

Pt = Power delivered to matched cable in dbm 
Le = Cable less 

-1.29 = 10 log Ae = 10 Jop .119 he 120 VHy 
Ae = Antenna aperture in m 


Definition of Standard Aircraft Receivins System for low 1lving airera:: 
A standard Receivinys System has the following components: 
(1) Standard Receiver per U.S. National Aviatio:s Standard 


for VHF Air to Ground Communications System 6510.6 
Paragraph 3.2.3.1 


Avallable Received Percent if ayaimum 
Carrier Power Pr 4odulat ion CStN/N) 
- 96 to = 70 dbm 30 b db 
-~ 70 to -— 10 dbm 30 25 db 


(2) A cable loss of no more than 3 db. 
(3) An antenna equivalent to a short dipole 
Effective aperture A = 0.119 ‘° 


or wzain over isetropic of 1.76 db with VSWR less than 2.1. 


The power into the receiver is obtained from the power density, oS plott. ad ty 
the ECAC plots, by means o; the rollowine equation. 


B-2 


a en es 


—— 


Pr = Power into the receiver in dbmn 
Pd = Power density from FCAC plots in dbm/m 


4.29 db includes the cable loss of 3 db and the cileoetive apertiuy. 
of a short dipole at $20 MHz. 


The operator may determine his coverage capability by comparing his receiver 
System with the Standard System. If it is better he will experience 
greater coverage, if it is poorer he will experience pourer coverage. 


B~3 


(a) 
(b) 
(c) 
(d) 


APPENDIX C 
POWER DENSITY PLOTS FOR APPALACHTA 
Power density plots, Charleston, Rainelle, Beckley, Henderson, 
Power density plots, Charleston, High Gain Antenna Pointed South. 
Power density plots, Charleston, Rainelle, Beckley, Henderson, Bolt 


Power density plots, Charleston, Rainelle, Beckley, Henderson, 
Flat Top 
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CHASES PSE ORAM TOKE RERRRARHRRRRAER HEAR AA REPRO N RAN TORE ROTH CCK ETHER PPE ESP RR EUR TPA THR n eee eh eee esa eee 
TORTURE REPEURTURPURT RCE OPES UECORESAS SCPC OPPS ORO UCU ROP ORS SUROCR CT OO OSEP SPUR SUUUE POU SEE CREE E SERRE REE E REPO RRO E EER a 
OUP UUURUURERER ERODE UUPURSRO PPC UURPOUORUUCRUOR COU RECS SCR ORE UEE ESSE PES EPP REREREERPRERERE ee 
PesUFOecsr eros eC ela Cag ewanegerrerespueeeFOararh aGCGele sees Oe oe Cea ee Ce GRE SEGUE P EOL PEO ERE PRs ke SPHERE REG eseaeee' 
TORO AEF UGG FE RFFEFOCCEEFFFFE FOR ER SFCEL CE CFF GGEFFE GOFF EME FEE OF FE GHGE FE OMG GGUS GGCOGGLUGHHMNG GOMES WWE ee PhO ee 
ROULEF GEE WC EFFEC RE GEES LS RR EOE CRO ER FA EEE EF EER ER LCE RFR R OG GGOGF GE GGGGGHRHF UGG GOGGCHFE GC GHHHGHORHEW OF TP eG Ga eee 
CREUGFEFEGRE ORF UFEFRSE FERRERO EE FERRER FE CERRE EE EGFE CE EOFS OFF IGOR LD GG GGGGSWHOGFE GHGOHGGHRMRE SOG CL OKMMH Pea ee D ae 
ROR TFGEF ER TET LOPE ECE EEL ERR EER POP ROE REE ER GFE PERE UG OME OGME EG GOOG OUGF EGP OWE LL MUGKE GHOULS Ma TMG 8S 
EU E TEER TECK ECO PFE EGF ERFEFEFORE FEF OE SOFFFFERS OCP FOCOGFEE EE ME MHOC PF HMMOGGFOGFGGGHECGFE GF MGA EMME Ga PT MT Pa oy Pee 
epee Kerr CRF roe rer UFRFFEEFOELEEFFE ORE CFR GREE EEE RF GRE OOCGSFET ERS SOHO GHW GOGOGHHE GOGFGGGOGGHENGHOEOGHUT GONNA CHW LMS MMe 
SEREEGGFEFE FEF ESFELRFOERE OS FRFERFER FER FEC RRR REGFFFFFE UO GCGF ET RCO GEL GOG® OGSGGOCOGHGE FE HHNGGGGSGOGNE GILLS’ LHe] MTG 
CBBOFEE SGEFEF FFG FTE SFCR ERG REFER CORFE GFEFFFFFEE GFOGFEFF FRO GE EERO FE UL GEOL CGGFF FOG MGGHOEG SO GHOHH GH GNOLT HHH hee 
PERE SCSFFGGFEFLIGFIEFFFFOOOOBACFEFFER FE FE DEFFFE GE CFFFULEPECR RFE ECE UCFRGFFIGFEF of GO GGRGHHGEGCHHGLGGS SGJHMMGHHOL WORM T Lee ° 
PRROGIFGLRON ERE FE GEFRFEFECFOERECALLEF FORGE FE RFR REEF ER CEFRFREFS SEP FC GGOGSFE GGUGGF GF GFE GCE MEGGHGLE GHHJHE LM HHH Hh Ga] ee 
SeROGFEEFEFFGEGEFFEFEFLSGFGORFFFFFEGEFFFE ER FEOEFFEOCENCOCE RFR E FE IGGGEFEE GHGFFOGOGLAGHHHGIGNHOLOMGHGHMEMT Hee TT GH ee! 
* ee BOF EF FF GEF GE FGEGFGGFEFFEFFEDEFEFFOGFEEFERFCCEFEF EFF EFFFEGGGFGFUERGGFF GOGGOFHHGHGITRGHHFE FE GURPMOGNSGCHHHWG DMM 
SOO BLLES FEF GOGH GOOF GHGGGFEFEFFFFFGGFFEEFEFRFFEF FF FF OF EF ERFFOGCLEFSGRGEEL RHEE REEF GLI GH GGGFGGGHI GE GRUGE HOG T] [WMH F 
Pee eAGE GEEFFGUGUEFFUCFFUGGGFEEGFFGFGFFEFFECFFEORF SEF OGEFFFE CEP ELE MF ERF OF HOSGCF HFC TO GGOF GT OHO HNL MUNCH Lo] eet 
Pee eAl TE GCGOCOOFSFEFEFUGLGFOFEFFESFFFGE ECE FOE GGFFCFRIFCEFFEFFORF FFF GROFF SFE OGGGGHHE HHH UF GGHAHO GP WOKE LI GH HH GUM HOO 
ROORKEE GE GGE OS OFOFEFUCGGEGEEEFFEOFFGGFEEOUFEGFFFORFFFEEP EF ENEDEFFEEST EG EEF COFFE CGE CFR FEF OCGHIGGGF RO HEC HHO HHH GGCHHM Oe 
eOOBCUFGGFESLGFFFFFE LO. EF GFGGFGGFFEFFFGEEDFFOF GEOFF CEF EF COOCOFCODEEFFGUCGGHHHOCEE FS COO SRHHGHH] SHH HRPM OH GOOF A? 
tees On KFFEFFO GCOS EFFFFFGFEF GGGEGFFGOFFOCGEFSFEF ECF EE OCE CRA OFACODODENDEFGEGLFGGESGFFE LSI OLR HME GN GHHG CW OW Tee 
"eR MErGGFEFEGT GT FF FEFFFFFEFFGOEC EF GGGGGFFFEFGFUCEFEFFEBPEEDCCCCACOEODEF GGGCOGOCFFF GFE SHFGLHGI ME CHR MMH RH Pa ee ee? 

"eROUC GOFGFFOGEEFEFFEFFIGFEFMFOGNHGGGOFEFOEFFEFEL FF OCEFEOCA ACODNDEFFGSGGFROFEF RGHOLOC RG GHHG GOGH MMH HHH TG et 
*eRRRaGGGEGGOCEOEGFEFFCGFFFFFFEOGSHEGCOFFFEFFEEFEFFE CF COCCCOCODEFOECFFGFFE GUSHH LOGE GHGHHMW, GOGGLE KRHHHWHHE MCAT TL ae ; 
SRR EGHHIMGGGGFIGFLGGEGGGEGGGFFGGGFFFFEDFFOFERBEEFECERCOCOCF OEEEEFGGFGGGGGE F GGGGHIGGHHGOGFHHF MY TP Mit MN MOG 

"ERB VHGGGGFGFGGHIWFOIS FF GOK GGFFGGGFFEEFTLCOOCHOFEEFOEFSECLFFFEGFFEF GSFF HE OF MGR E HHEGHHGO OGHG GHA OPM ING GHC 

em BalE Cee OSE SOK EFE GE GOSERCFFFGENEGSEFFFE TCCOCCFE FCF GES FFFFEC EEF GGOF GFF EF FE SD WHHHRMMA GE GOLF MRM PR GHW G KHOR) 

PEaea iM NGEE CPC PROF R GOT GCE OFF GOFEFGFFFECCC ASCP EF EGET OFFFERPEFFFOFFCOLOSE GWE OHO HO GOHME GHP HHLOL TY OR BROWN 

eee OTEGUHSFFIGOL SOME GCSGGGFOGFGGFFFFFFEEDCCCONOFEFFFEF FEE FEREFEFRFOQEF RF FEE CE EEE MRE OGG GOMMGF EEE OE MN HME OM OO a 
‘eaeeF SS FHEOUGGCOFFOGOCLGGFGOGGGGFFFGGEFEFGECCCOOCOFRFEFFEFFFIF GF GFGEROOFEGCCOOFE STREET GF GENS UG RAHN IGE OHHNG EHH GMA ONO) id 
"SOP EHHGHHGCOFFFEFGCGGOFSGEGFFREGGFGGFGOGSEOFFFESEEFCFFFEFGFEGGFGGEFFECCCOCCEFFOHGE CG GHEY J HHO MMH OGE GHANA! LGM ea y 
‘ees eOCSGHOGSFFFFGGCSGIGGOFEGHGGGGLGGEGLFOGFFFFCEC CES GEFOGCEFF OF GFEOCEDCOECFFFGFFGGCE UG) TR HKHHL HMO CLG HHH HMUM CN i 
UREA SCHGHIHFGOGHIGCGGFHOSGFOFOGGGFGCFGEFGOGEUOFFFFOEFFOOUGE EF FFF OFFMHEFFDOCCROBPFGOFF COR TMH GF LOGM ST RRHGGHHHGE GOGHGOMEE 
"SS RAGHGFHHGSFEULGANGFFOF FFE GERFR REFEREE GEE GGFGFGGOFEEGGFAF OF GF GFGGGOFECC CFR RGR CGGGHLEFGCGFGOFUGMITLIGGGOCHRGHWUNGLMMMG ee 
POUSBHFFGGEUGFGFGGOGGEFFEFFFEFGFGGFEF SGGGFFEGGEGGGFFEGGGEGFEFFFESFGGFGOFECCE GFFEGIBKFGOSCGMFUGGLGGOCELGHHOCOKWY] JHGGHMNO Oe 
*BAUGOEOEFOF GF FCE FE GOR GGGGGGGGGGGIFFEGFGOGFFOGFEGFFFFEFFOGPFEFFFFRPOP REEF GIOGOGGGGLHGGE CO GME HGGOGGGBGGGGGHOGH I] HMGHHGIT [eee 
PeaPRFUGCOFSGGOFEOGGFEGFGFEGFFEFFFGFGGFFEGEGHOGFGGFEEFEFEECOFFEFFFEE GGHGHGGRGOGGOCUAGIOF GF MGFE COR GGGUME GF OG KMHMGOG] JHMM ee 
*ESSHPHHOGOGGEOOGFOGFEFEGFFFEFGRGCGFGGFSOFEFGOGOGEGFEFER FCF FGFSFFFEE PGF RIIGHGOOOGI HHI RM SF MI OCOFRF GF OGHGC MSH. GUHNLGHHWWH ee? 
ea SeCGGGGRFOFONGFGFFOCOFC COPE GOFGEFFIFGGFOGFROGFFFFFFECTCE FO RGORGOGOGFEFHGHEGHRTHGHHR IT SHMHO HP OM TR OGHHY OG OOO GG GHKGOGHGC OF? 
FOBT ELGFRALI MSE OC AGGFEPSEHHEF GFF GOGHNGGGLF GE GHEE HE FO GE MEE OGRE EE FE GOBRME HE WH GOGH G IT OGH OGL ITF GOUHGGOL EOI OSGE SMM SB oe! 
"PR ERIOGHIHMEOHGLGGGSEF UFO GGGGOFF OR GOGLEFOFFF OOS GESESSEF GMGF FER GOGHGOF IG OHEL GOP GR UGKOE EF GGGHNGGHE UGG SG oo” GOGMGFE OR as! 
SECC EHGEGSLGGGHNUGE GOCE FFF RE GGGEGFOFFFE GGOF HF GHMFHRGCR FE OCHOFFFEFE IS GREFF RF GGYE TF GHGRWE EEE GO HR GOH G GO GMMI GOO OMEN Goo ? 
'EROREKHGGOCFEGCGGFHEFOGSGCFOF FEF GGFOGEGFFFEFFGHGGF THHGFHOGFOGSGHGFFGFRGGF FHGONGGKHHGGF OHO GOGGIN AHRGONE GMT IE CGR GONG GG ee 
COG HOR ERR a SPPRHRLOGGEFSaGKFaFGGFEFGGGLGGGOHHE FHOLSGGHGRGCGF GMGHGFFGOFFF LG. Gta HG a eM eH eG el ee se RR Oe eee eRe eae 
PRERARSKTST PKS RERHANTARS ZEAE SRFRAE ER TETHER HH RG PERE NR ERRATA TERE PERKS EUR PR Te EResKa hea eaten? 
PPPRSCHSHPSCARARHTRRTEET SE KRAR ARTA TRA ERRATA ANREP OR ETTORE ROTTER PTR REE EEPa eee Re hea Tae Pee 
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(ORCRRCCREREC ROA RER EET O KOE COTH KEES KATO KCC RHE CREAR ARH RH AR AHH F RTH SH HSH KP AH OHP HSER e pasar eeotseeesenestasecas’ 
OUT UPTEUEREPEPOTIPERERURUR CURE REUSE PPSU IUCR PRU UPC 
ORORATROHOTE COREA CRORES HRTESSSRP RAPA RRC RAA THOR SOR THT ECKERT RASA SETTER RHA EF HRCA eeaseteseenenssesesene’ 
*eRUCCClC@ aha «6 AbeCNshaseeSPeON anes sesONOsOeINAKE aC aet caer laleebask el eae ko aeeeae Geese ea eases i Seceerelsesaran' 
T@RELODIOCC* 4BACBMEPUPANACCOSOMNANNCHONCCCPCCCCONCOLEFEEFEFEFEF ES LE EF FFE SEF EFF OGFFOGEGEESGGEEGS CEOS OMGCLGOCE @eee! 
*@BEDOOCDOCCNCLCOOCCTOTHCCOCCONMCCCOCNCCCOOE COCCCMCCOR EF EFERECCCEEF FEF FEES FOR FR FRE RF GGESOGGGGGIGCE EOE COCO OCOT OG Cee! 
‘SRROCDOOFOUCOTONDDONDELOCLCCCCCONOCOOCCCCCCCCOCCCCOCCLEEEC EF ET EE SOLCKCEFE CF FFFEFFECEFGGSGGGECGGOSEELCIGL GS GFGECT OO Bp 
"BEBCODLEEEFEECODDCECODCODCOPOODDCOOCCCOOCCOCCECCCOCNOCDEDOFEF EF EEEFEEEEFEEEFFFOGFFFE RF GGGGGGGG66GH65LGG°GC5CECCCGGLGGEN8' 
"PROELFEEEEFEST EL OOCDE DOECDODDCODDOCCCCCCCOECCOCOCCCCONCCOEEE EF FEF EL OMEEECOFEFE PFE CF FFF FGGGGGFGGFOGEGGLOLSGGCGGOCGGGl HEBD 
(PHUMOEECONMEE DPELECONOL EQCOCOODCCCCCCCOCCCCOCCCODOFEF COEEEF EF LOE FOE EEE FE GFE FFE GFGFEFEF GGGGCGGGGGGGG656S(G6FG6LGGCEGCPaE? 
*SERSFEEDDDDODDDDCDCONDIDNDCOCRBRCCOCOCOCCOUDDNE CET EFFOOXONOCLIVODEL EOE FFGGFFGEEEEGGCGFGGGGG6GC6GGCCCCEESGCGEGOh6SS Oe8! 
*@SSEFELEDDECOOCCOONOCCCCCCBOCPRBSNBCCCCOEE LE DEF ON ONOOCANDGNNOUNCNSOOE EF RF FFET ER EF GFEGFGGGOGGGGTOCOCESESSCEOGOGGCEeS 
"R@EOFLELEFOPONDOCCCOCARCRBEABAA PCCCOCOEFELDEEEECOOGICOCNOCONODOCOODEOFEEFFEEE ECF GFFGFGCHGGFGOCOGOCLOFFOCCGCSLEG RE! 
BREEFFEEEEELODDUCONONCCOCCCA ACCOONE DFELF ELE NOCONDICNOADADNONHNONONOCEFFEFFEEFCGFGGGGOGGFFOOIGF'.FGS5C6GG65(5°G8ee8* 
*BEREFEC EE CELEEEDODDONONCOCCCCCCCCOFODERENDLOUNNNONOOCOCCONONDOONOFL MEE FE ECE FFGGFGEGHGGFFFFFFGONC CEOS ERC GCOS OB 
"SORBFEFEFEEEECFEEEFENMODDOCCCCCCCCNOFEEDDDNONONONONOCCCOOCLDONCODE NCUNCECNFFEERFFFGGCGGFGFFFFFFGF OF OFUIAGOG CSGCGMeee & 
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*OeUBBTEELELF LEE CEEPONONOS COLODEFRAUFOCOCHOEFEECL EC CEELFECOOFFE OCF ECE EEFFFEEFECOIELOFEFEFEL FFF FF ERE ERP ONC 4G GGolee 
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CRCOREROETOE OG GGGHHGGGLHIF GPE IF RI GHHHME FE GH THN CEO EEOC ERO HRTC CRAKE FAKES EHR KM AHE Tee KRe eee peeeeeeesetseaseage’ 
REGEILIWNIHHEHGFGIGRGGNUGFFGFFGGGHGGGEGGHGIIGFGGGGGHHHMIIF IX KF GGCTN I GGGIIG GHG GL HHG Ue GAM LL TCH GMM me) OL Le * 
98 GE GNG HUNGHNE GGGHKGGGGE FFF FE HRHGGGFE SGMHHGGHGGGGGGGHGHIHHF IRL IGGHUUGGGRGGHGE LEMKE OTM GOGGIN WT Peo Lil ue Tay ee? 
*BOGHGIMINGGUGGF GF GF GGGGFGGFEFFGGHGGGGSGGGSNHNMHWHHGEIGT LOS HGHHGHI MMH JUIK THOT MD TKR PPG WG G I HDT LE ee 
TReSGHEHGHG IGG S&SHGGS FGHF GGSGF GHHOHHGHGHGE GNHHHGRGGGF FH LY THHGHGHGGRHULMR LU SHGGH UT HAUT THM RT TD TUT UL me 
*COCIGENGHIGE® GEHHGS FFCPGGHFGFFHEGMGHGHGHGGHHGE GFGGGGGGHHI JJ IKG UMA J UKR RSH GH UM STM UD oe MA] SR 
8E GHFE GRMNFE FFF GGGEEFFGS GFE GOOF GHEWGHF GHHHHHGGGGGGGFFFFFFERHGIUIHGHGGINIHHAL IRS THGIL A UWI SD Lae PET TIL ee 
"EGG LIGGHGGGGGES FGFFEF GGGGGOSGGGGGHGFGGGHEGGNG LHNK FE GHRHHGOSGUMIM IT CGHT TWAT Kee RM URL TI LIL wee 
'SUHENGGGGEHHGGGGGE FGGGGGGGF GOGGFOFGGFFGMGGGFEGGGIUGHE] LHHEKGGHIMUHHMETUIGUIMTIGGGHMM UME TUL ToT DT ei eee? 
*RNHNGENG GEESE ES GCEGNGGGGEFSGGFGGGFFEL OLE GHGGGHIGGHI IMGGGFHHGHI IHGGHKIGJIIHMG LK MHGHMH UL RUIN UR UT MRL IMJ Tm ef 
1 UHHMHGEGHHGGGGHGHHGE SEGFGFOFFFOODEEEF GE GHWOGFFHHHGGGGFFGHHHIT TURGGWHAGGGGGHITIGIIGRKMML UUM TWH Ra TM Me 
1 BGHMHNWHHGEGGGGFFFEFFFEOODORACOEFFGFGOGEFFFEFEGFEIGGGHHECGHHHGGHGHITIGGSGHIHHG] [HH IMIS] THRE GHAR aR RMA RT ea 
tes FFGGGGGEGGGFFEY EEE CODDEE OA CECE EF EEE FEF FGGSFRFGGFFHGGEET EP ERPRPHLTIY I CEPR HE MF CUT PREM I GHA TTT UT TIMeGIL ee? 
POF FFEPE HGOHGFOFOLEERPGECELERCCCE ER ERE RHE FOE GEGHFCGFFFRILEICE CF GGGGHISIIF CF GHSTHGHM STEP IEG LIF Gee Lie RGF wr Pee 
"SEF LGGECFUGOL FEE ECT FEGOEFEF COCROOEEGFFGEF MFEFFGIFFE ROP HEFHECE EFF CTF GHMMPPF GWT TUT SRM P OSG USF Tara ue lo livees 
"SIGEFFEEIHHF IF GECTNPMEFFOCCOCCEDFEGFIEFFGGUFEERKIFODFEEFFFFF FEF RF FFF MS HHI HGH IG er PHP TRE TUR Uy PHP 
(OP EEGEFDFFUFHGEEGFGOEELFFDOCCODODFFFFGEFCFFRFNGEGIGOFEGFFFEECFEL TMI MHI ITE NT IR SPIO L GL TD RN mE Lm CIA toGer eo eaee 
'SCFGEGIMMHFFFEGCFEOPGEELOFOCCCCFOOFOP GF GRWIGEHGEFHMGGEFOFEFFEEFFGEWHMGE TINT USM UTP HUES TUTE EIR IMIG ee! 
BOGOF FHGIMEFHHEHFGEOGFFEDECBCECODDEEEHHGFGHHEHEE OF EHWE FF HR IWHHGHEHEGFFFE MT USM ILE GGGH UTM Um TO 
(EF IGE FHGHIMIHGGEEECGFE OFEDUCFAGFEDCCDOF MHF FE GFFHGFEFEGHIGGEGESFEGINHE GHW] JUKQUNHF RE REGED Rem RC TG 
(GE GINMFHFHILIIGEIFFME CF OFCGGOCOFOFUCFGUILINHGEFESFFEECGHFGGHIAGGFFME §5T IMR EME Ee RP eer OOM REG Ieee 
*BBJIIIGEEMNGIGTINIFCHOUFRGFCCOGGFACOCGE [HUMGEEEFHEER EEE GEG TGEHITF RS UR RGR II TOUT IGHT LIP Po mr PMT TG 
"BUGLE IIGFHHEEL GEEHFOODOEFGFFOGOUGGFEEFEFFFGFTOEFMEEEL EL FE GGHIJFEFIUJURM IT UWE GTR IR Ur me TP Pome re! 
"ROGGIIFEIGFEEHEFOECOENFFEFEEGGOCDUGFECCI GFE BDDEEFEEEFFE GF GEWHIWGE TUMWUM UK IDG IME LI MUR RR UG TR RE 
(SBR IGIMGHJHGHE FHMOEE OHGEFEGEEGGCEEGFGGCESFOFCEE HFEF RMFEH TIE IIIF TFG LING USF GE GE MT THR MR UR STULL UO SF 
TEUOGFFEMTILIGRFHGGHOFEF CODEEEDEGOOGFHGHGFEGFCOEEGENFRIEGIMFHGOFGIITIGEMFHGIGEGIGI JR KK SUK GT Mm Re eee 
*Se JEECTIHF MHF FECOFEGCEFODFEGGCEOCEGODOFOCCEWNGERGE HI SJEGEG UF JS IMIGIUGHIFF OTIS HER RRM KM IK MTOR MLL LM GT yee! 
Sse UHFHGFFENHE HY ONGFMCHEELEFOGOLEFCCOGCFCCCOEDEGIRHITISFHFEFF IIHF IMHMID IER SUITE RRL TR RT Gee 
* OR IGGHEGFEFFHOEMNHFE HHECE GHHOEHGGGFFFOEFOCFCGFOOFEEGFELFFFGHGGIUJITILIF FHF GIMME HF LUG TIMID JUL OR LL ARR GE OF 
'@STHIGFGFGF GHESDEFOE SHOCE CFFHNOEEGEHHGEGOUDUNOCEGEFF TGHGMG GUI UHFGIFGE LFG JJ UHUTHUIF GE mK GUL RL Pee Ge 
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BOGFHLIGFSEGE GHNGIFOF GEONOFFODFFEFEGHFDOOCCONEG TY: GFUWHGUTIMGIHEGHEFITGGISUGFFA IF TR Km IGT IL ALLO? 
19REG JUG EGHDDOF GHYHF EC OUHEOQDOOGODOES GHHCODE CCDDGHHHHFEFFFFFFGGEGUFULISHEFPGGFE FE SUMGH REIMER TARP SMT LL LLL OO! 
"OREN UFEOGGOFGFOF HES DOTHOCDEOFFFEHDOFE OG GGOGHNHHIFRUGHIGEHGEHFHGIFEGUMEH ST] UR RR ICMP RL LLL 
"GRE IIFEOCLEDOHGUHFEF EE DCODLFOEEEGOGGGUOEEWREEMFFFFHMELIF OFF UGIFFEFIFEGUIF LS SUT SU MAL RMR GOT UI GWT CMLL LCL ee 
*eOFGIGEMFE OOS HHNGOFHINEFEHOEFHGGGOGEE GHEFFOGGEEEOGFGMGIHFGFGHHGFEEFTIBMJUFRUFIMHIT EF GILUFG UR MUKGF IT SUF USI MLA LLL 8 
*POBUIGE HE CODE HHFOLGH I HGOMOF GHE GHHHF DDGHHGHHHGOOTENDFEGGFEFFEFEGT UGHUK QUI GF LUM UIF OG I MMH GF GG UMMM TM ALLEL LOL 8? 
TEBGEF MHHGF GC ODGHHG DF KHGE FE HHHHHHWHWMHE GHHEFHOGHEFOOOITFE LIF GHHEGFE SSSGI SI RSE CH SURF IRD OF TRIG URE LULL et 
‘ SEGGELOIGHDOF EHHNEGHGEGDEFHHGIFNHIHERGHHDDCDFOOD DEGIHGHEMHUJUUK TOI IHIK IMI KUTT HRM MI GHAI KRALL IML LLL ef 
*POFEFEHHHHOEFGHI [THHGGCODOHHOGGOOF GHFGEFEFOHEFGOIGEOFIITHIGUKUHF JAB J UMH DTT KM K O KIM JHEP LMP HG IL ee? 
'SBFOEGGFFGOEGGEFHHNEDODNGOHOEHOCODDEGEDOGEFNITINMGHE (HOF HI UNEP FF UTD STE SRK EK SNK KR REF GUO MIT IGE! 
*POCGEHGLOFFOF GEL OFF EF GOOCDKHGOCOFGODGHDDDDOHIWEFGHHIJT IHF GHWUTFIWNT USUFHUJIN IK THAR KI GIA UGHINGHI] JUIR UGG UFFF TIGER REF oe 
OB OFFOIWFE LIFE HME CE OEWFE GE OWOGHOGEFEHGFFHIHIWEOSF TIOMMIIKGE SIKU GHFF HF MGHUPHE IGF SM Leer GUN IHUGE UMGF GF FF GF EF} UGG8e8 ° 
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"@SDDOODODCOCBCCBECHAUASPARBA * AAAKRCOCNONOCDONOORC EK EC EE CE. OEECE RF FEFFFEROCTR FFT FFF GOGFGHRIGEFFFEFFFGHGGIIHGGGE6GGMHESS® 
*estoonooooccececceccccccccaRe MACE CCCONODODEFEFELEL( FP DELEEE EEE RLF FREE CECE IF FEC ECF GFLEEF EER RFFEFFELIMFFFFE FEF 6Gee8 * 
"SPFEDDEQDODODDDDDOCCCCCCCBAAAAASCOOOCOCEECEFFEFECEEFUFFFEF FREE FEE Et FPF RFE RGF COFFEES ERE FEE EGIFFGFGIGFFFFWMIGFF Oe? 
TBRELCDOFEODOCOODONCCOCCCCCAAAAARDHODECDEEEF SELF FFGREEFERFFRFFO PCR FRFEP ERP PREP REEFEFEEFFMGEEECE FEF RFF IGFHHFOFFIF [WWF GOS eo 
*UBTEDDEE EOL OCOPOOQDOCCCCORBPSAAHCDCEONECOCEDEFFFFEEFFERFFEFFEE FEF or Se rREE FCF CGP CGMFFEE EEE CER HEF FF FEO GIF FE THIER GO e8 
PSOFECECFEFEOOCOOCOODCCCHOCCCCCHRAABACOFOFENELGFEE FF RFEFFFEFE FF FEE RE EP FE PERF HGFOHGIFFELEERFEERFCRFRIGFFE Foor Pre GI6F in eee? 
IVOFEFELTELFEDODONOOCONOCOCCCCCCCHABACONNOLKEVEGEFFFEFOOCR RF FE REEF PCE PFE EF REF RHR IFE CF ECR GFFEF FEF OGFEFIHIGGFFFRGFFGIGSee ¢ 
COOFFELCOLEFFECDCOCCEDCRSARCODCOCCBRACCUDDCEFEEEFFELEEFFFERFY EER ORE EF ERO GMHGFHOL CECE CECE GHGFFFFIF GUT TIGFFGUGEFEFEFF Sa! & 
°HOFFFEOOFFEEDOCODEDDOCB8COODONACBEBREDOEFEE FECL EFECE FRE FFFEEFFEECS EE MGFEFFEEFCE FREER FFE HMWIGGFFE UT IMGFEFFEE ERR aCe oe 
TEMFEFFEEFFFEQOLEEFEDOCCCOODDDDBBARASCCODELCEFEEELEFFFFEEFFEFFET EV FE MT IGIHHFEEFCOGEFFFGIGFFEFFGMILIF FF OHEF FOG UGE FOS! 
(GOFF FFFEFFEFEFFFEFEDCCCOCDDCODCBBCOCCCCOOFEEENEDEFEFFFEEEECCEFEFEGIMFFGEFLERFWFEFEE GIIMGFFFGIITIIVFFIHFFGUIFEF fen? 
‘COTE FFFEFFFFEEELEEONONDDODODDDOCCOCOCOUCCOFEERFELE EEF EF ER ELEC EFFELEFIGHGFEEEE SF FHFEEFFFEHIGEEGSTULIFIGFFEGIIIVIMFF oes? 
EGF FEFFFFEFFFFFEQDOODODOCHOCCOCCECOCCOCCELCEREEFFCCEEEECEFFECFCEECEFFECFEREERFERFFOCEFIMFHRIEFFRISJLIMVGFEGITUJIVIG6F Sa 
OOF FFFFFEFFFFEECCODOOONOCDOCCUCENCCCROCCCOEEEEFREGERGFFECEEFFEECRL FEE EERE EERE GFE FEF HRIGFEIMEGTITILTIGFIMIHIITIT I HGFGWEF eS ° 
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tEOME CEE EFFFFEFECOCFOOCOUODDOOUCCOECTOCCCOCCCOCTHUESEFEFFTCEFEERECFEF COE EEL EF EE MGEE FMI IMF RIGS FGF LCST IGFRUUITISTIII IGF eee 
"SOK LFEEEFFFECODOCODEF DDOCCOGCCLOECICOCOCOOCC COV EF EFI GEER LE GHMFEE ES EF ELLE FE FE GHS eH GGFEGOGOTIIGGHEUIIUJIIF IWF FF eet 
*OSEFEEFFFFFOEDODDCOCONCOCONDOCCECOCOICOMCHONO COMET FF er FO FREER MGHFER ECE CER CEE LE GIF RF PMIGFFEISLIIMGGIGIIIIITUI UGGFHeESS * 
(OS BEFEELELODODDECOCOOCCOECCCEOCCCOOECCCSOCCOUOUNCE EEE FGECGGEFE OCF EEEE FE CE EP ECF HEF MMW OPH LPL GRHF FEIT IT US TT uMF eee 
*POLECCEEELVOCODOOOCCCCOCCCCCECCCCOCCCCOCCCCODDODOCOLEEEEEFFEESFCECOFEEECEEFEFEFEFO GIHIFTIS IVI iM GF eH UI UGHF6GIIT I ee? 
*SOFEEEELDOOCODODCCNOCCCCCCCCCCCCCCCCECCCOCOCHCCLEOEEC EEF EEE FLEECE IFES PF EELGGFEGEGUIVIIGGGISHFOTEF ILI MHWGFFEUIJT ee! 
"BRELELCEQDCODCODOCCCOCOOCCCECCOCCECOCECCCOONCCCCOCOEECEEEEF EFCC EERFFEEEFEF FE IGFHMITSIILIGFIWNIMFFE FE GIGFEFFFHIT JIU uee ! 
*S8@OFEEOCODODDDCODOOCODDCCCONCHOCCCCCCCOECCCCOCCCCOOCODEEECFFEEEL ETL EF ECE GHGEPHMFHIS THRE LIFE WE MPP ROP rE OPP EF HR ITU ee 
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APPENDIX D 
ANTENNA TEST DATA 


Characteristics of tour modern antennas, listed below, are ineluded tre ro: 


possible facility improvement. 

1. Decibel Products Model DB~224 VHF Gain Antenna 

2. TACO Model Y-102B-130 VHF Directional Yagi Antenna 

3. TACO Model D=-226!A-1 Omnidirectional VHF Antenna 

4. TACO Model D-2276 Omnidirectional VHF Antenna 

The characteristics of the high gain antennas, 1 and 2 above, were neasured 
at NAFEC as reported in "Test and Evaluation of Air/Ground Communications 
Antennas" by James Coyle, June 1978, Report No. FAA-NA~77-39. Appendices 


G and V of the NAFEC report, which provide the test results, are ineluded 
herein. 
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APPENDIX G 


DECIBEL PRODUCTS DB-224 VHF GAIN ANTENNA 


The DB-224 antenna shown in figure G~-l is a vertically polarized omnidirectional 
or directional gain antenna that was aesigned to operate with a center frequency 
of 127 MHz. This antenna was manufactured by Decibel Products, Inc., Dallas, 
Texas, weighs 35 pounds, is 23 feet 9 inches long, and cost $230.00. Due to its 
size, the DB-224 antenna was shipped to NAFEC in two 12-foot sections for ease 
of handling with each section consisting of two folded dipole elements and a 
cable harness. An omnidirectional radiation pattern is obtained with this 
antenna when all four dipole elements are evenly spaced every 90° around the 
mast. When all four dipoles are aligned on one side of the mast this antenna 
has directional characteristics and is designated as a DB-224E antenna. 


FIGURE G=1. DB-224 VHF GAIN ANTENNA 
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FIGURE G=2. DB~224 GAIN ANTENNA 


VSWR measurements for the DB-224 antenna are shown in figure G-2. The numbers 
on the left side of the graph represent VSWR values at the antenna terminal 

and the numbers on the right side of the graph represent VSWR values with a 

SO foot length of RG=214 coaxial cable between the antenna and the slotted line. 


Figure G-3 is the vertical radiation pattern for the DB-224E antenna at 

127 MHz. This vertical pattern shows the peak of the main beam to have a 
slight downward tilt and a 17° beamwidth. Figure G-4 is the horizontal 
radiation pattern for the DB-224E antenna which shows the offset directional 
characteristics when the four dipole elements are aligned on one Side of the 
mast. 


The gain of the DB=224E antenna measured 6 dB above the standard gain antenna 
(+6 dBd or +8 dBi) at 12/7 MHz on the peak of the main »eam, as shown by the 
standard gain antenna dots on the radiation patterns. In the omnidirectional 
configuration, the antenna measured 3 dB above the standard gain dipole. 
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FIGURE G~4. DB-224E HORIZONTAL RADIATION PATTERN 
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TACO Y-102B-130 VHF GIRECTiONAL YAG: ANTENNA 


The Y-102B—130 antennas shown in fizure V-i are vectically polarized 10-element 
directional YAGI antennas that were designed to operate across the VHF A/G com 
mmication frequency band of 118 to 136 MHz. These antennas were manufactured 
by the Technical Appliance Corporation, Sherburne, New York, and cost $202.00 
each, weigh 12 pounds each and are 10%3-inches tong and 50 inches high. The 
antennas are shown vertically stacked 10 feet apart and connected together with 
@ stacking harness to permit increased gain and skewing measurements. 


FIGURE V-1. Y-102B-130 ‘ACT ANTENNAS 
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VSWR measurements for the anienua are snewn too otieure © 2. (Le numbers on 

the left side of the graph represievt USwR cailuer et cue antenna terninal and 


the oumbers at the right side cho ocie rapt fepresent  Swhko cadines with 50 toot 
of RG-214 coaxial cable between the iunbeooa wane the stotteg Line. 


The gingle antenna vertical radiaiicn pattern at fe Miz, ii 1igure V=3, 


shows a 50° vertical beamwidth. The single antenra o rizentai ragtation 
pattern in figure V-4 shows a horizontal beamwidth oo: cco. Figure V-5 is the 
horizontal radiation pattern tor tw antennas, vert towiiv stacked and skewed 0° 


which shows the horizontal beamwidth was reduced from 62° tu Su° by vertical 
stacking. Figure V-6 shows the horizental ractatien pattern ut 136 MHz when 
the antennas are skewed 90° and tiyure V-/ snows tie borisonteal radfatton 
pattern when che antennas were skewed |4i)' 


The gain of the single rfagi antenna meascrec 2. i abeve the stanuard ygain 
dipole (+12 dBd or +14 dBi) at 136 MHz as show?) . tne Standard gallu antenna 


dots on the radiation patterns. The antenna vains inereasei 3 dB when stacked 


and skewed 0° and decreased 3} 4B when stacked and skewed 180° 
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FIGURE V-3. 
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The TACO Model P2262 td ps 4 Sed fiageces lt vertically porarized 
omnidirectional antenna... 29th @vGnev's Wey) been. combined in 
phas@ int 4 Singie input to proviac 5 Meee r ere Ge. of 4 dbi_ 

over the DOT/FAA rate band ©f ti8e125 MHe. Elements “are. 
enclosed in 2 cumplerteiy sence) ft SA Gr (3, 4/2 aes cin beter 
fiberglass radame, giv: whet ot EAs Ue a aaghtiwereht, Low 
‘profile, yet ruggen suamigio eGo iat. Mid: Ue 226)’ Ls 
supplied with 4 claaring aubangqemant Galmag Baisows She usec at 
Bis Option to Mert 26 21485 SG. tee ae) ak aa? is 

(6.35 cm) IPS mast. The ciamp vicerides “S Line” gouiting with 
the mast which allows “hmookuwo” bo tle =hlenne wai: Qxprsang the 
transmission line to the envarwumede. 

THEORY OF OPERATION 

The precess employed. Jai the Ge eee. ae. anvens 3 sacar corstes the 
patented Muldipel omy eonsept. The woit-wati on of thes technigue 
Yesults in @ unic when fusg erred ie We, Ga Ye ee 
pole characteristicad over use envy thet? Ang UES fregqvencies. 
The desixed "figure e:yht" Cave ataen pathern 1S yerhesaaly cone 
stant throughout tre bees ae oe eae ee re tae a Sapp YZs82on of 


ductors of both haives 


O 
VEWR/SO OHMS. 


extraneous currents upon the vrama 
"Clover Leaf“ pattern is avoided. 
oF each G3 


By 
DG. 


MISS LL 


3 


4& Fae a 
WeSsgyu, 
r= a 


at ea 


potential. A growdiag ang 25 OY oVided oi bn. 
tenna for supplementa. sroundied capablivty 
2 the i aa 

BLECTRICAL CHARACTERS 7S LTV PY TSU) 

2.0 


1.8 
1.6 
1.4 
1.2 
1.0 


WEVA T ION 


ce undesirable 


fim OUCer con- 


wry 7h 


& game DC ground 
has. Of each an~- 


AZIMUTH 


RADTATTON 


PATTERN 


